In insects, the role of reproductive hormones in coordinating fertility with mating activity is unclear. In this issue of Neuron, Lin et al. (2016) describe a mechanism in which juvenile hormone regulates courtship advantage of older Drosophila males by elevating the pheromone sensitivity of Or47b olfactory circuitry.
Sexual maturation involves two distinct, yet related processes: reproductive and behavioral maturation. The coordination of the two processes has a clear evolutionary advantage. Very little is known, however, about how the development of mature and functional gametes is coordinated with the ability to deliver and receive the appropriate courtship signals.
Mechanisms that limit sexual behavior to the periods of reproductive maturity or maximal fertility involve behavioral and physical adaptations. In a variety of mammals, females must adopt a receptive posture for allowing sexual intercourse. In rodents, this posture is referred to as lordosis and is controlled by sex hormones that during the receptive period act to promote the execution of the behavior in the presence of a partner (Plant and Zeleznik, 2015) . Perception of conspecifics can be altered according to fertility status. Females at the unreceptive phase of the cycle do not perceive a subset of maleemitted pheromones (Dey et al., 2015) . In the ventromedial hypothalamus of the female, the neuronal responses to male conspecifics are enhanced during the sexually receptive state (Nomoto and Lima, 2015) . Mating of juvenile female mice is prevented through the secretion of a lacrimal pheromone that inhibits male courtship behavior (Ferrero et al., 2013) .
In insects, newly emerged adults of various species are not sexually mature. In fact, sexual maturation may require up to several weeks, depending upon the species (Markow and O'Grady, 2008) . In female fruit flies, sexual maturity occurs at 2 days post eclosion and coincides with, but does not require, the growth of the ovaries to full size (Manning 1967) . Fruit fly males have mature motile sperm in their testis at 7 hr post eclosion (Stromnaes, 1959) . Their fertility, however, rises until at least 8 days of age (Stromnaes 1959; Long et al., 1980) . Importantly, Long et al. (1980) showed in addition that the increase in fertility is accompanied by a competitive mating advantage of older males. Combining genetics, behavioral, and functional strategies, Lin et al. (2016) reveal for the first time the molecular and neuronal control of age-related copulation advantage held by older males.
Using a courtship competition assay between young (2-day-old) and older (7-dayold) wild-type males, Lin et al. (2016) show an overall 65:35 copulation advantage of older males over younger males ( Figure 1 ). This copulation advantage was later shown to be associated with a higher frequency of wing extension, a hallmark of courtship behavior, possibly reflecting a higher mating drive in older males. Subsequent experiments reveal that copulation advantage held by older males is due to a differential olfactory function in Or47b-expressing neurons: 7-day-old Or47b mutant males do not have copulation advantage over 2-day-old Or47b mutant males. Or47b is expressed in 50 lateral distal antennal neurons that project on a single antennal lobe glomerulus, VA1v (Vosshall et al., 2000) . They were initially shown to respond to unidentified odors from both male and female (van der Goes van Naters and Carlson, 2007) but only more recently a particular fly odor, methyl laureate, was identified as a ligand for Or47b (Dweck et al., 2015) . Importantly, the detection of methyl laureate through Or47b olfactory receptor neurons (ORNs) was shown to be relevant for mating behaviors.
In order to identify other pheromone ligands for Or47b, Lin et al. (2016) extracted cuticular compounds from virgin females and presented the different fractions as odor stimuli while recording neuronal responses with calcium imaging. They found that multiple fatty acids, such as palmitoleic acid, and fatty methyl esters of 12-16 carbon-chain lengths elicit a robust response in Or47b ORNs and require Or47b receptor. Or47b ligands can be found in both male and female flies and therefore do not seem to signal sexspecific information. So what is the biological meaning of such compounds? Lin et al. (2016) speculate that they may signal the nutritional state of the female fly as many fatty acids in the fly cuticle are synthesized from nutrients in food. Given that the nutritional state of the female has a direct impact on her fertility, the Or47b sensory circuit appears to be coordinated with female fertility and promote male's sexual behavior at female's fertility peak. Lin et al. (2016) used the newly identified ligands of Or47b to evaluate whether sensitivity of Or47b ORNs increases with age in males. They performed single sensillum recordings upon stimulation with palmitoleic acid and found a significantly higher olfactory response in older males compared with younger males (Figure 1) . A comparable difference in Or47b olfactory response was observed when using other cuticular fatty acids, suggesting that there is an overall increase in the sensitivity level of this pheromone-detecting system with age. This age-dependent change in Or47b olfactory response is sex specific, as female flies did not exhibit any change in the response with age.
How can the age-dependent increase of Or47b sensitivity be regulated? For many insect species, reproductive maturation is regulated by juvenile hormone (JH) (Riddiford, 2012) . In adult female flies, JH regulates ovarian development. In addition, JH levels are correlated with the onset of sexual receptivity of the female. To regulate female sexual behavior, JH acts in the CNS via its receptor, Methoprene-tolerant (Met). Up to this point, the role of JH in male reproductive and behavioral maturation was unclear. Lin et al. (2016) investigated whether JH regulates age-dependent sensitization of Or47b ORNs and its impact in male courtship activity. Pharmacological treatment with an inhibitor of JH synthesis or a JH analog revealed that JH is necessary for the elevated sensitivity of Or47b ORNs in older males and is sufficient to enhance Or47b response in younger males, respectively. Downregulation of Or47b ORN sensitivity through inhibition of JH synthesis rendered flies less successful than control flies in the courtship competition assay, while treatment with a synthetic JH analog conferred copulation advantage to young treated males over control counterparts. These results suggest that the copulation advantage of older males is a result of increased sensitivity of Or47b circuitry. Finally, Lin et al. (2016) show that JH acts on Or47b ORNs through Met receptors, as its expression is required for JH to modulate Or47b sensitivity (Figure 1) .
The modulation of pheromone communication according to reproductive status is emerging as a common mechanism in animals to coordinate sexual behavior with sexual maturation (Dey et al., 2015; Ferrero et al., 2013; Lin et al., 2016) . Lin et al. (2016) show that JH and its receptor are required for the modulation of the sensitivity of OR47b ORNs. Although they show nicely that manipulation of JH levels affect Or47b ORN sensitivity, the progression of JH levels with age in the tested flies is not clear from this work. For future experiments, questions remain on the nature of the JH/Met modulation of OR47b ORN response. The level Or47b receptor transcript does not change with age. So it appears that the regulation is not taking place at the level of expression.
Other possible ways are a change in the general excitability of the neuron or a change in the receptor-ligand affinity.
In mammals, sex hormone signaling is necessary and sufficient to set up sexual differentiation in the brain as well as behavior maturation (Yang and Shah, 2016) . In fruit flies, sexual differentiation is under the genetic control of fruitless and doublesex and perhaps for this reason little focus has been put on behavior maturation (Auer and Benton, 2016) . The study of Lin et al. (2016) directs the focus to the hormonal control of behavior maturation in fruit flies. We hope it opens the door to other studies in this topic that will bring an integrated view to fly sexual development. Older males (7 days old) are more sensitive to female pheromones, such as palmitoleic acid (PA), in comparison with younger males (2 days old). PA activates Or47b olfactory circuit, thus promoting male courtship. Age-dependent modulation of Or47b olfactory receptor neurons sensitivity is controlled by the juvenile hormone via Methoprene-tolerant receptor (Met).
